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Summary Results 


Space Station Needs, Attributes 

And 

Architectural Options 


APRIL 5,1983 




Study 



Summary Results 



• Introduction 

• Time Phased Mission Requirements & Attributes 
t Program Evolution 

• Space Station Architecture 

• Key Technologies 

• Associated Cost and Benefits 

• Conclusions 
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Space Station System Archtttecture 


Earth Observations 




Location 

Qty 

Element 

28.5 deg 

1 

Station 

SS 

2 

OTV 

SS 

2 

TMS/Servicers 

28.5 deg 

1 

ASTR Platform 

Polar 

1 

EO Platform 

57 deg 

1 

ISTO Platform 

28.5 deg 

1-2 

MP Platform 

Polar 

1 

ASTO Platform 



Functional Capabilities: 

— Orbital Transfer/Retrieval 

— Satellite Servicing 

— Assembly 

— Operational Services 
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Space Station Operations Architecture / Infrastructure 
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AFT CARGO CARRIER CONCEPT SPACE STATION 
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Affordable Mission Model Develooment 


Consultation with and Validation by Recognized Authorities 


Composite Mission Model 

Catagories 

Number of 
Missions 


11/82 

3/83 

Science 

138 

191 

Applications 

19 

28 

Commercial 

63 

114 

Operations 

53 

56 

Total 

273 

389 


Analyses & T rade Studies 




— User Objectives Coordination 

— Sensor Set Optimization 

— Muitisensor Data Processing 

— Sensor Combination/Colocation 

— Eliminate Dup lication 
Cost Validation! 


— Budget Projections 

— Discipline Cost Constraints 
Affordabili ty Evaluation 
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— Mission Objectives 

— SS Evolution 

— Cost Constraints 


System Utilization 


-STS 

— Space Station 

— Platforms 

— Independent Free Flyers 


Affordable Mission Model 


Platforms 


Catagories 


Planetary Science 
Earth Observation 
Space Physics 
Astronomy/ Astrophysics 
Solar Physics 

Life/Biological/Medical 

Sciences 

Materials/Space Processing 
Communications 
Technology Development 


Number of 
Missions 


Trade Study Results | 

— Realistic/ Affordable Mission Model 

— Realize Cost Savings 

— Meets Users Needs 

— Decreased Required STS Flights 
































FY 84 $ Billions 


NASA Budget Projection - Affordability Analysis 



Fiscal Year 




Astronomy Affordability Analysis 


FUSE 


STARLAB 


0!ST 


Future 

Astronomy 

Mission 


FY 84$ 

Millions 


SI RTF 


EUVE 


LAMAR 


OVLBI 


COBE 


AXAF 


I Shuttle Payloads Development 

Explorer Development 
Mission Operations and Data Analysis 
Suborbital Programs 
Research and Analysis 

83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 99 2000 

Fiscal Year 


MMRTIN MMKMETT4 
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Mission Accommodation Allocation -28.5° Option 


! 


Category 


Planetary 
Earth Obs 
Space Physics 
Astronomy 
Solar Astronomy 
Life Sciences 
Material Proc. 
Communications 
Technology Develop. 


■ I rLATFORMS 

Transfer/ Space Station Earth Mat I Total 

Support 0^ ISTO ASTO Proc Astronomy 

















Operations Concept 


/ \ No Change to Space Element Infrastructure Interactio 
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DP Odd ononaaDaDDooD 


New Approach to Ground Support 



Operations Control 

— Onboard Crew Takes More Responsibility 
Telepresence Control 


Operations Centers (Master & Backups) 
— Plan Onboard Activities and Manning 
Requirements. 



initial Build-up & Activation 

— Business As Usual 

Decreasing Levels of Manning during Evolution 

— Rely More on Flight Crew j 

Final Station Configuration & Operations 

— Relay Heavily on Flight Crew 

— Critical Parameter Monitoring 

— On Call Technical Support 



PLATFORMS & SATELLITES 


• Coorbiting Platforms (Space Station Control) 


Free Flying Platforms & Satellites (Ground Control) 


opdut; oidiiun Mm 


o Launch Site - ELS 
o STS Selected Orbit Altitude - 250 NMi 
o Recommended SS Orbit Incl. - 28.5 deg 


Altitude = 250 NMi 


1 100 NMi 

I 150^ 
*300 


Projected Max Abort 
Landing Weight Limit (Est) 


o 100 NMi 
o 150 


Direct 

Insertion 


l^ELS- 


WLS- 


20 30 40 50 60 70 


90 100 


g 240! 


46 Lb/Day 
(90 Days = 4200 Lb) 

= 5 Lb/Day 
(90 Days = 451 Lb) 


Inclination = 28.5 deg 


SSMM;STS. 


High Solar 


\ Low Solar 

\ 


"SSMM/STS/Space Station 


Propellant Requirement, Lb/Day 
Hydrazine 


30 35 40 45 50 

Space Station Orbit Inclination, deg 







OTV Ctwacterizaticyi Study 



Required Stage Propellant Wt> 


( 192 ) Flights 


—Space Based 
—Aero Braking 
— Reuseabie 
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Billions (198^) Dollars 


Program Option Selection 


Most 



I I Capture Ranking 


m 52% 


■ i(3% 


B-3 
SDV SS 
28.5“ 
90“ SS 


C-1 

Delayed 

Manned 

Presence 
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Economic Benefits & STS Support 


Comparison of A-1 & A-3 Options 



LEO 

$ERV 

LEO 

Deliv 

GEO 

Deliv 


Basing 


LEO 

Serv 

LEO 

Deliv 


GEO 

Deliv 


Basing 


57 " 28 . 5 ‘ 

Inclination 


Cumulative 
STS Flights 



28 . 5 ’ 


OTV/TMS 

Refurb 

LM ^ 
Resupply 

n? 

Resupply 

OTV 

Prop. 

Resupply 


Payload 

Delivery 


SS Inte- 
gration 




Economic Benefits 
And STS Flights 
Shown Are Cumulative 
For 10 Years Of Operation 







Recommended Evolution Plan 

28.5® Space Station 


Major Implementation Steps 


Expanded Operations 


• LSS Assembly & GEO Delivery 


• Earth Obs Platform (Polar) • ASTO Platform (Polar) 

• 2nd Matls Process. Platform • OTV Upgrade 

• Matls Processing Limited Production Lab • Hab Module 

• Astronomy/Solar Physics Platform • Life Sciences Research Lab 


Platform Operations/ 


• Hangar • Materials Processing Platform 

• ISTO/ASO Platform 


OTV& 

Expanded 

Operations 


• Hab Module • 2nd TMS • Materials Processing Payloads 

• Gyro Storage & Transfer • OTV 


Payload 

Support 


• Earth Obs Payloads 

• Astronomy Payloads 


• Materials Processing Lab 

• Materials Processing Payloads 


• Energy Section • Logistics Module • MMU/RMS 

• Hab Module • TMS 


iggo gi 92 gs g4 gs ge 97 gs gg 2000 


Time (Years) 


/yrxijRFTiJv jprxiJRPijerrxr l 





User Support Matrix 
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Architectural/Corrfiguration Options 


Option 

Press. 

Volume 

Modular 
1^' Dia. 

23.700 FT^ 

Modular 

Aft 

Cargo 

Carrier 

30.500 ft’ 

Shuttle 

Derived 

Vehicle 

33.000 ft’ 


Flights 


Advantages 

Disadvantages 

f Module Commonality 
• Favorable Mass Properties 

• Complex Build-Up 

• Array Shadowing 

• Utilizes Aft Cargo 
Carrier (ACC) Volume 

• Complex Build-Up 

•Reduced Orbital Build-Up 
• Crew Safety & Comfort 

• Development costs 




















ACC Launch Configuration 




Payload Module 


Overall Length 162.0 ft 

Diameter 27.6 ft 

Payload Bay 25 ft dia x 90 ft Long 

Inert Weight 47^650 lbs 






- Hangar (Partial) 

- Other Special Compartments 





Mature Configuration (STS) 


ZX Modular 14' Dia. 


Astronomy 
/\ Payi oAns 





Energy 
Section 
2 Modules 

Earth 

Observation 

Payloads 




Hab Module 


LM & TMS 


Materials 

Processing 

Payloads 


Solar Array; 





Initial 6^A00 Ft^ 
Mature 17^000 Ft" 




Life 

Sciences 

Lab 


Cryogenic 

Propellant 






XfX'-r 

Sdi'i‘ V.-/PV / 


Hangar 




1995 




Early Configuration 





Intermediate Configuration 


Modular 14' Dia. 
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TO LOWER PORT PRIOR 
TO ENERGY SECTION 
INSTALLATION 


STS Flight 8 
( 1992 ) 




Mature Configuration (ACC) 


MnHulpir Ann Ontion 



28 









Intermediate Configuration 


Modular ACC Option 


Tunnel (CB) 




Move airlock and 

PAYLOADS TO ENERGY 
SECTION PRIOR TO TUNNEL 
INSTALLATION. REINSTALL 

Payloads on tunnel module 


flANGAR Segment (ACC) 


STS Flight 7 





Mature SDV Confiauration 
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Early SDV Configuration 



Expanded 
Solar Arra7 


r \ c% 







Earth 

Observations 

Payloads 













EO Payload 


STS Flight 4 
1991) 


STS Flight 5 
(1992) 



Platform Approach 


Single-axis 



Energy Module P l a j fo r 



• Platform design emphasizes 

COMMONALITY WITH SPACE 
STATION 

- Energy section 

- Solar array 

- Subsystems 

• Reduces acquisition costs 

• Component interchangeability 

SIMPLIFIES SPARE PARTS 
LOGISTICS 

• Applicable to astronomy 

PLATFORM 
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Early ETCLS System 

t Resupply Drinking Water 

• Use Condensate for Hygiene Water 

• Regenerable CO2 Removal 


ETCLS - 

Environmental Thermal Control 
& Life Support 


Intermediate ETCLS System 

• Limited Clothes Washing 

• Evaluate Wastewater Processing 


Mature ETCLS System 

• Closed Loop Water & Oxygen 
f Full Hygiene Capability 
t Minimal Resupply 
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Power Requirements Growth 





HEAT LOADy OR HEAT REJECTION CAPABILITY^ K.W. 


Heat Rejection Capability 


SDV Configuration 


UtrUUY tu 
RADIATOR 

500 FT2 


4280 FT2 


u HEAT LOAD 


Kiiiia BODY MOUNTED RADIATOR CAPABILITY 


DEPLOYED RADIATOR CAPABILITY 


HIGH TEMPERATURE 
RADIATOR 

830 FT2 


•ECLS 

•HMF :?i 

• OTHER 

• PAYLOADS 

(6) i 

•EPS & M 

AVIONICS I 

1990-2000' 


FURNACES ^ 

1991-2000 


1992-2000 


LOW TEMPERATURE 

RADIATOR 

880 FT2 



830 ft2 


1995-2000 


SHUTTLE DERIVED VEHICLE 


MATERIALS 

PROCESSING 

laboratory 


MATERIALS 

PROCESSING 

PAYLOADS 


LIFE 

SCIENCE 




Hydrazine in k lbm 


Hydrazine Usage 



60 
55 
50 
45 
40 
35 
30 
25 
20 
15 
10 
5 

90 91 92 93 94 95 96 97 98 99 '00 
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Propellant Mass in K lbm/Year 


Summary 


- Significant Benefits 

- Technically Feasible 

- NASA/MMC Studies 


Benefits 



9000 LBS Propellant Available 
FOR Scavenging 
Estimated Savings 2-A STS 
Flights per year (6-9%) 
1994-2000 


N/ 


Manifesting ET Propellant 
Payload with Volume 
Limited STS Payloads 
Increases Propellants 
Available at Space 
Station 


Related Activities 


IR&D 


Requirements 


6001 


- MMC/Michoud-ET Propellant 
Utilization 

- MMC/Denver Aerospace- 
Cryogenic Fluid Technology 




Total 

OTV 

Propellant 

Needed 

ET 

Scavenge 

Propellant 

Available 


92 93 94 95 96 97 98 99 00 


OTV Propellant Requirement By Year 


Contracts 

- MSFC/JSC-Propellant 
Scavenging (Near-Term RFP) 

- Jointly Coordinated and 
Funded ET Scavenging- 
Cargo Bay and ACC 

- LeRC-Cryogen Fluid Management 
Facility (CFMF) 

- Detailed Design of Flight 
Ready CFMF 

- Thermal/Fluid Dynamics- 
Cryogencs in Space oq 
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Subsystem Concepts 

Propuision 

• Hydrazine used for SS orbit maintenance and attitude control 

- Uses 8 boom-mounted 30 lb thrusters 

• Hydrazine storage (15000 lbs) in logistics module 

• Inter-module hydrazine transfer capability 

• Cryogen storage of 70000 lbs provided to resupply OTV 



Attitude Control 

• Gravity gradient attitude control of pitch and roll axes 

- Provides coarse stabilization 

• Fine pointing provided separately for payloads 

• Early configuration may augment RCS with CMGs 

• Orbital rate (pitch axis) provides gyroscopic stabilization 

IN YAW AND ROLL AXES 
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Subsystem Concepts (Cont.) 


Data Processing 

• Distributed architecture 

• End-to-end system interfacing SS data bus with ground processors 

• Estimate data storage in the range of 

1.2 X 10^*^ TO 1.2 X 10^^ IS REQUIRED 

• Need exists for significant data reduction of user data 

Communications 

• Numerous RF interfaces may require operations at UHF^ L> S & Ku 
BANDS^ AT 40-60 GHz^ AND AT LASER WAVELENGTH 

t High user data rates and volume drives need for store & dump 

APPROACH 

• Data dumps as frequent as every orbit may be necessary 

• RF LINKS MAINTAINED WITH CO-ORBITING PLATFORMS 
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Key Technologies 



f — ~ZH~ TMS space Based/Maintainabie 
I Stacking & Checkout 


• IOC TECHNOLOGIES 
Fluid Management (Storage & Servicing) 
Heat Pipe Radiators 
Station Crane 

Signal Processor (High Data Rate) 
Processor Module (High Thruput) 

Mass Memory 
Rendezvous/Dock Radar 





PLATFORMS 
Space Based/ 
Maintainable 




i 


OTV 

Space Based/Maintained 

Cyro Propellants (Supply/Service) 

Aerobraking 

Stacking & Checkout 
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Potential High Payoff Technologies 



Increased Efficiency Solar Cells 
(GaAs^ Thin Cells> IIultiband^ Concentrators) 
Fuel Cell/Electrolysis Units 

Cryogen Fueled IMS 
ET Propellant Scavenging 
Electric Thrusters 

Two Phase Isothermal Heat Transfer System 
Contact Heat Exchangers 

Tether Utilization 
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Areas Of Uncertainty -Analyses & Trades 



Architecture 


— Control Authority Allocations 

— Control Stations 

— Contamination Control 


— Subsystem Modularity 

— Pressure Levels (STS, Station, EVA) 

— Debris Collision Shielding vs Damage 
Control 


Crew 


Crew Utilization Criteria (Timelines, 
Skills, Health, Rotation, Training,) 
ECLS Commodities Reuse 




Communications 


— RF Interfaces Analysis 



Silicon vs Gallium Arsenide 

NiH2 Batteries vs Regenerative Fuel 

Cells 


Mechanisms 


Station Crane Concept 


— Mass Memory Storage Medium 

— Data Bus - Fiber Optic vs Coax 

— Data Bus User Protocol 


— Common Cryogen Fuel vs Conven- 
tional Fuels 

— Cryogen Resupply (Dedicated, 

ET Scavenge, Topping) 

— Electric vs Chemical Thrusters 

— Mass Monitoring (Storage & Transfer) 
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Programmatic Approach 

ToL 



Cost Space Station 



Number 

OF 

Units 

Protoflight 

Size 

STS Capability Permits Large 

OF 

Modules with Economy of Scale 

Modules 


Mode 

Autonomous Operation 

OF 

Allows Significantly 

Operation 

Reduced 6nd Mission Ops 


Cost 

Acquisition = $20> 000/lb 

Estimating 

Operation ~ 3% Acq/Yr 

Relationships 
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Space Station Costs By Phase - Modular Concept 




Platforms & Experiment 
Modules 


Basic Space Station 


IOC 

Space Station 


Platforms and 
Experiment Modules 


Growth 


Space Station 


Platforms and 
Experiment Modules 


Mature 


Space Station 


Platforms and 
Experiment Modules 


Total 





89 

90 

91 

620 

370 

190 

170 

95 

225 

470 

620 

480 

35 

200 

300 


















10 

245 

280 

215 

210 

325 

270 

230 

720 

570 

550 

445 


! 

Total 

Cum 

Total 

3,590 

3,590 

580 

580 

3,810 

7,400 

1,745 

2,325 

1,180 

8,580 

1,370 

3,695 

12,275 

12,275 
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Space Station Costs By Phase - SDV Concept 


$ onr»n^- 


FY 1984 $ 
Millions 


1000 




riatTOrms ana 
Experiment Modules 

3 Basic Space Station 



IOC 


FY 

1986 

87 

88 

89 

90 

91 

92 

93 

— 

94 

95 

96 

97 



— 

98 

99 


Total 

Cum 

Total 

IOC 

Space Station 

280 

890 

1175 

1150 

1065 

990 

465 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

6.015 

6,015 

Platforms and 
Experiment Modules 

■ 

10 

80 

170 

95 

25 

220 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

600 

600 


■ 

■ 

■ 

■ 

■ 

■ 

■ 

165 

165 

215 

■ 

■ 

■ 

■ 

■ 

545 

6,560 

Platforms and 
Experiment Modules 

■ 

■ 


45 

200 

280 

235 

450 

270 

135 

■ 

■ 

■ 

■ 

■ 

1,615 

2,215 

Mature 
Space Station 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

10 

245 

280 

215 

215 

215 

1.180 

7,740 

Platforms and 
Experiment Modules 

■ 

■ 

■ 

■ 


■ 

■ 

40 

55 

165 

325 

370 

285 

190 

70 

1,500 

3,715 

Total 

280 

900 

1255 

1365 

1360 

1295 

920 

655 

490 

525 

570 

650 

500 

405 

285 

11,455 

11,455 
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Fiscal Year 






1983 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98 


Fiscal Year 
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Space Statbn Cost By Evolutbn Increment - 
Modular Concept 



$ 


Cost 

FY84$ 

Billions 


12- 

■ 

Cost Includes: 
- DDT&E 

11 - 


— Production 

— Launch 

10 - 

- 

— Operations 

9 - 

- 


8 - 

• 



6 

:i 

3 
2 


LSS Assy 


EXTENDED OPERATIONS 

— Earth Obs Plat (90°) 

— 2nd Matls Proc. Platform 

— ASTO Platform 


EXPANDED OPERATIONS 

— Astron./Solar Phys Platform — Hab Module 

— Life Sci. Res. Lab 


— OTV Upgrade 


OTV & PLATFORM OPERATIONS 

— Hab Module — 2nd TMS 

— Cryo Store & T rans — OTV 


— ISTO/ASO — Hangar 

— Mtls Proc. Platform 


PAYLOAD SUPPORT ACTIVITIES 

— Energy Section — Log. Module 

— Hab Module — TMS 

— Mtls Proc. Lab 


- MMU/RMS 


1 + 


1990 91 92 

IOC 


1 1 j ^ 

93 94 95 96 97 

Time (Years) 


1 1 f 

98 99 2000 
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Space Station Cost By Evolution Increment 
spy Concept 


$ 12 - 
11 .. 
10 .. 
9- 
8 " 

Cost 

FY84$ 7.. 
Billion 

6 -- 
5 -- 

4 -- 
3-- 
2 - 

1 -- 


Cost Includes: 

— DDT&E 

— Production 

— Launch 

— Operations 



— LSS Assy 

'EXTENDED OPERATIONS 

- Earth Obs Plat (90°) - OTV Upgrade 

— 2nd Matls Proc. Plat — ASTO Plat 


PLATFORM OPERATIONS 

- ISTO/ASO - Mtls Proc. Plat 

— Astr/Solar Phy Plat. — Life Sci. Lab 


PAYLOAD SUPPORT ACTIVITIES, OTV 8i EXPANDED OPERATIONS 

— Hab Module (Hab Section, Energy Section, Hangar) 

— Log. Module 

— TMS MMU/RMS 

— Mtls Proc. Lab 

— Cryo Store & T rans. 

— OTV 


4- 


-f- 


1990 91 92 93 94 95 96 

IOC Time (Years) 


97 


98 


99 


2000 
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Space Station Cost 



Poles 












Marginal Costs And Econc 


By Capability Increment 





Cost/Benefit Breakeven Anal; 
Modular Space Station 28.5° 



Time (Year 



6E0 Servicing 





Cost/Benefit Breakeven Analysis - 
SDV Soace Station 28.5° 


Cumulative 
Economic v 
Benefits ^ 






FY 8i|$ 7 

Billions 


Cumulative Cost 


GEO 

Delivery 


Basing 


LEO Servicing. 


1990 91 92 93 94 95 95 97 98 

Time (Years) 


LEO Delivery 

; GEO Se^rvTHng 

99 2000 



Space Station Benefits Summary 


Economic 

In 10 YEARS OF OPERATION SPACE STATION PROVIDES: 

- A SPACE TRANSPORTATION BASE THAT SAVES $8.6B 

- A SUBSYSTEMS UTILITIES BASE THAT SAVES $3.6B 
i - A SPACE SERVICING CENTER THAT SAVES $3. OB 

Performance 

Space station provides long term^ unique capability for: 

- Observation 

- Materials Processing Research 

- Life Science Research 

- Repair and servicing 

- Large volume structural assembly 

Social 

- Promotes INTERNATIONAL cooperation in space science^ research 

AND TECHNOLOGY 

- Maintains national technology advancement and space 
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LEADERSHIP 






• Space Station System provides both economic and performance benefits 


• Space Station System is affordable within projected NASA budget 

CONSTRAINTS: 

- Acquisition of Space Station System 

- Expanded Science and Applications Programs 

• STS SUPPORT REQUIRED BY SPACE STATION IS WITHIN CURRENT FLEET CAPABILITIES 

• Early manned presence in LEO station is justified : 

- To SATISFY EXISTING USER REQUIREMENTS 

- Maximize performance and economic benefits 

- Perform complex and unique assembly^ C/0 and 

MAINTENANCE OPERATIONS 


62 





Space Station Payoffs 


bquivalent to Two Additional Orbiters 




Provides Significant Economic 
Benefit as Launch and Utilities Base 


7 

6 

5 

B$ 4 
3 


Basing 


LEO 

Delivery 


Extended Time Onorbit 
I STS Sortie 

■llllllllllllll Free- Flyer Spacecraft 
U||||||M Space 

Station 

0 5 10' M 

Time, Years 


^SPACE STATIOr 
A 

. CAPABILITY 
\ MULTIPLIER y 


Benefits Exceed Cost Within Lifetime of System 


Cumulative 
Cost 1 


GEO LEO GEO 

Delivery Servicer Servicing 


Provides Basing Comparable 
to Dozens of Free-Flying 
Spacecraft 


Cumulative 
■ Economic 
Benefits 



Provides Long-Term, Unique Capability for 
— Observation 

— Materials Processing Research 
— Life Science Research 
— Repair & Servicing 
— Large Volume Structural Assembly 


Time, Years 







A SECOND STATION AT HIGH INCLINATION CAPTURES AN ADDITIONAL 
5 % OF THE USERS AT A 50 % INCREASE IN COST 


§ Early Space Station Architecture should include: 

- Reusable OTV with aerobraking 

- TMS WITH TELEPRESENCE SERVICER 

- OTV/TFIS REFUELING AND SERVICING CAPABILITY 

- Attached RESEARCH LABORATORIES 
(Life Sci. & Mtls Proc.) 
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